PuRPOsE: To determine the optimum concentration of a gel obtained from unripe banana (Musa sapientum) peel for wound treatment in rats.
Introduction
Currently, it is estimated that about 3% of the Brazilian population have some type of wound. In absolute numbers, there are about four million persons with chronic wounds or complications of the healing process. This requires the search for new resources and technologies that can provide an effective wound treatment at low costs and more accessible to the Brazilian population 1 . The progress of accidental or surgical wounds depends on the tissue regeneration capacity; therefore, it is very important to understand and promote methods that help the healing process 2, 3 .
At present, wound care is focused on the study of Papain is the most used substance in the treatment of wounds; it is a proteolytic enzyme composed of sulfhydryl proteases extracted from the Carica papaya plant that can be found either alone or combined with urea or chlorophyl 1 .
Unripe banana has been used as a new therapeutic alternative in the treatment of nipple fissures and peptic ulcers 3 .
However, the use of unripe banana in wound healing by second intention is not well established 4 . Studies on this subject may corroborate or refute the effects of the treatment, and may also lead to different treatment approaches based on new findings 4 . The gel used in the study was prepared from unripe banana peels. The fruit was washed in running water and placed on a clean cloth to dry at room temperature for 20 minutes. Next, the unripe banana was washed again with 500 ml of distilled water, dried with white paper towel, and allowed to dry for another 20 minutes at room temperature. After, the peel of the fruit was removed and the pulp was discarded. The peel was diced and ground in a porcelain mortar for 60 minutes until complete homogenization. The ground material was placed on a watch glass and weighed on an electronic analytical balance (Gehakpara, São
Methods
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Paulo, Brazil). The peel of one unripe banana yield about 50g of ground peel. The banana peel gel was prepared using natrosol gel (hydroxyethyl cellulose, Botanik Kosmetics) as a base gel. The gel and ground material were mixed in a mortar for 5 minutes to assure homogenization. The prepared formulation was placed in a previously sterilized, white 120g plastic container having a false bottom, stored at refrigeration temperature, and used within 30 days.
Forty Wistar rats were used in this study. The rats were housed individually in standard polypropylene cages. The light-dark cycle, humidity, and temperature were the same as the environment. Alls cages were at the same distance from the light source. The animals were fed standard rat chow and water ad libitum. Dipyrone (500 mg/ml) was added to the water and the analgesic solution was renewed every 6 hours during the experiment. The rats were distributed randomly into groups using the software Biostat 5.0. The allocation of the rats was kept in numbered, closed, opaque envelopes. The envelopes were later opened by the researcher responsible for the preparation of the gel containers.
The animals were divided into four experimental groups of 10 rats each: CG, control; G2%, 2% banana peel gel; G4%, 4% banana peel gel; and G10%, 10% banana peel gel. Before the surgical procedure, the animals were anesthetized with a mixture of ketamine hydrochloride (50 mg, Konig do Brasil Ltda) and 2% xylazine hydrochloride (20 mg, Konig do Brasil Ltda) at 2 mL/ kg body weight. The hair of the dorsal region of the animals was shaved in the cephalo-caudal direction, incision lines were marked on the skin with a thin felt tipped pen, and the skin was cleaned with 0.9% saline solution. A 2 x 2 cm surgical wound was created on the back of each animal in the interscapular region. The dorsal skin was resected together with the panniculus carnosus according to the incision lines previously marked; the incision was deepened until the dorsal muscular fascia, which was exposed. Hemostasis was achieved by digital pressure using sterile gauze.
The gel formulations were applied to the respective groups daily for seven days, including the day the surgery was performed. At the end of the 7-day period, the animals were euthanized by anesthesia overdose. Next, the tissue from the wound site was removed together with a 1-cm wide margin ( Figure   1 ), fixed in 10% buffered formaldehyde solution, and sent to the pathology laboratory. The specimen was embedded in paraffin and stained with hematoxylin and eosin. Slides were prepared and photographed with a camera coupled to a light microscope; the images were digitized with Winfast software, and measurements were performed using Image Tool software. The advancement of the granulation tissue from the margin to the center of the wound was measured.
Statistical analysis was performed using the KruskalWallis test followed by the Student-Newman-Keuls test 
Results
During the study, three rats in the CG group, two rats in the G4% group, and three rats in the G10% group died. The statistical comparison showed that there were significant differences in the total area of epithelialization between the groups G2% and G10%
(p = 0.0329), CG and G4% (p = 0.0245), and G4% and G10% (p = 0.0153). The smallest interquartile deviation occurred between the CG and G4% groups.
The presence of hemorrhage, desquamation, and secretion was assessed by macroscopic examination. During the study period, hemorrhage was not observed; the animals had only a normal bleeding inherent to the procedure, which was controlled by application of digital pressure with gauze. Desquamation was observed to a greater extent on the third day of gel treatment in all groups. Surgical wounds in the CG group showed delayed reepithelialization and contraction compared to those in the G2%, G4% and G10% groups (Figure 2 ). Herbal therapy is widely used in several countries as an alternative to synthetic drugs due to a number of factors, such as local culture and lower costs (no royalties), because herbal products are typically not patentable. In many countries, herbal therapy is an important form of access to medication. In Africa, for example, it accounts for up to 80% of the medicine used by the population.
However, the use of herbal medicine has its risks since there are many adverse reactions to the herbal compounds. There is a tendency for herbal products in their many different forms and The attention given to the use of medicinal plants by governments and health officials has increased significantly in the past years 7 . As a consequence, studies on the properties and uses of fruits and their pulps and peels have been carried out in India and China to determine their nutritional and medicinal value 8, 9 .
Studies on the properties of the banana, especially of its pulp, have
shown that it is rich in flavonoids and leucocyanidin, which are compounds known to have anti-inflammatory and anti-neoplastic properties and liver-protective activity; in the peel it showed potent antihypertensive activity in renal hypertensive rats 8, 9 . There are also studies in the literature reporting on the use of the peel and leaves of the banana plant to improve epithelialization and alleviate pain in the treatment of chronic wounds 10 .
Musa sapientum var. paradisiaca has been studied intensively for the past 30 years. A multicenter study showed that banana was useful in the treatment of ulcer dyspepsia; however, its medicinal use is still incipient 10 . Musa sapientum also promotes cellular alteration of the mucosa and increases the synthesis of DNA without carcinogenic or mutagenic effects [11] [12] [13] [14] .
A study on the use of M. sapientum var. paradisiaca extracts was based on the premise that, since the plant has a healing action when used to treat gastric ulcers, it could also be used to treat skin wounds. The authors used techniques that 
Conclusion
The gel of unripe M. sapientum (banana) peel in the concentration of 4% improved the wound healing process in rats compared to the other gel concentrations as evidenced by the smaller residual wound area.
